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A NEW CYCLE AND ITS COMPUTER OPTIMIZATIONON ON 
SINGLE STAGE AMMONIA COMPRESSION REFRIGERATION 
J. Zhang', w. Hu and M. S. J, Hashmi 
School of Mechanil:al & Manufacturing Engineering 
Dublin City University, Dublin, IRELAND 
ABSTRACT 
This paper proposes a new cycle. An auxiliary circuit is "added to the conunon anunonia 
single compression refrigeration cycle. A part of the refrigerant evaporates and makes liquid 
, ammonia super-subcooled. The coefficient of pelformance (COP) and flow rate ratio on the 
new cycle are analyzed and calculated on a penonal computer as the evaporating temperature 
in subcooler (ITS) varies. The results show that the COPs of new cycle will iilcrease by 3-6% 
compared with the conunon cycle.' The TIS has an optimum value where the increment of 
COP is maximum. An equation for calculating the optimum TIS is proposed. The paper 
further discusses how the new cycle is carried out in different cases. It is quite evident that 
the new cycle is feasible and energy saving can be obtained. 
INTRODUCTION 
S ubcooling of the liquid refrigerants can improve the coefficient of performance (COP) 
in the compression refrigeration cycle. It can be carried out by the inten:ooler in the two 
stage compression refrigeration. But subcooling is seldom used in single stage compression 
anunonia refrigeration plant because subcooling by water is not very efficient and brings little 
benefit. lltis paper proposes a method of supcr-subcooling. An auxiliary circuit is added to 
conunon cycle. The super-subcooling of the liquid refrigerant is carried out by this branching. 
The COPs and volume flow rates of the new cycle in various conditions are calculated and 
analyzed using a personal computer. The relationships between the parameters are discussed. 
The paper further discusses the operating mode of this new cycle in the different cases of 
industrial refrigerating plants. 
NEW CYCLE AND ITS PRESSURE-ENTHALPY CHART 
The proposed new cycle is composed of a conunon cycle and an auxiliary circuit. The 
auxiliary circuit consists of a subcooler, an expansion valve and a special compressor. Fig.! 
shows the diagram of the cycle. A part of the refrigerant in the subcooler evaporates and 
makes the liquid refrigerant subcooled. Suppose that the evaporating temperature in the 
subcooler is TIS and that th~ temperature of liquid refrigerant after subcooling is 5 •c higher 
than the TIS or T, = TIS + 5 = T. + 5. Fig.2 is the pressure-enthalpy chart of the new 
cycle in Fig.l. 
Let the refrigerating capacity of the new cycle be Q, the mass flow rate in the 
condenser be G, and the mass flow rate in the auxiliary circuit be A. Then the mass flow rate 
in the evaporator is given by ( G·A ). Neglecting the loss of heat transfer, the energy balance 
of the subcooler is given by, 
Food Engineering Department, Xiamcn Fisheries College, P. R. China, present! y 
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(1) 
Where H is the enthalpy of the refrigerant. From equation
 (1): 
(2) 
The mass flow rate in the condenser is the sum of the
 evaporator flow rate and 
subcooler flow rates, 
(3) 
where q, is the refrigerating capacity per kilogram refriger
ant in the new cycle. The relation 
, between 0 and Q can be obtained from equation (3) as, 
(4) 
COPS OF THE NEW CYCLE VARY WITH THE TIS
 
It is easy to understand that the COP of the new cycle will 
vary with the different TIS 
in the subcooler. In order to find the pattern of variation 
the new cycle is compared with a 
common single compression cycle in the same refriger
ating capacity (Q) and the same · 
condensing and evaporating temperature. A common cycl
e showed in Fig.2 is i-2-3-m-1. 
The COP of the common cycle is' : 
COPm"qmfw,."' (H1 -H111) I (H,-H1 ) 
(5) 
Where the q,. is the refrigerating capacity per kilogram refrigeran
t in the common cycle. W rn 
is the compression work per kilogram refrigerant in the co
inmon cycle. 
The COP of the new cycle is : 
COP "r:JI~ G(H,. -H,;) (H,,-H,) I (H1,-H5 ) 
n (G-Al (H2-H1 ) +A(H,,-H1,) (6) 
(H1 -J4) (H,,-H,) 
Where W is the power which the new cycle consumes. The
 increment of the COP of the new 
cycle comp~d with th<: common cycle is : 
(7) 
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VOLUME FLOW RATES OF THE NEW CYCLE VARY WITH DIFFERENT TIS 
It is clear that the volume flow rate of the new cycle will vary with the different TIS. 
Because the capacity of the compressor is detennined by the volume flow rate of the 
refrigerant, the · 
change in the volume flow rate of the new cycle is a key factor. It decides whether the new 
cycle is practicable or not. 
The volume flow rate of the common cycle without subcoolirig is: 
(8) 
The sum of the volume flow rate of the evaporator and auxiliary circuit in the new 
cycle is : 
Vn~ (G-Al •v1 +A•v,, 
~o•v,! (H,-H6) +G•v,,• (H3 -H5 l I CH,,-H,) 
~ [0/ (H1 -H6)] [v1 + (H3 -H5 ) •v,,f (H1,-H,)] 
(9) 
Where v1 and v1• are the specific volwne of refrigerant vapour at point 1 and 1 '.The ratio of 
the volume flow rate of the new and common cycles is : 
The evaporating pressure in the subcooler is higher than that in the evaporator. So the 
volumetric efficiency of the compressor in the auxiliary circuit is higher than that of the 
compressor for the evaporator. The volume flow rate of two different specific volumes can 
be added in equation (9) because the actual volume flow rate of the new cycle will be slightly 
less than the result of equation (9). This will not affect the conclusion of analysis in the end. 
On the other hand, from the point of view of application, the relation between the 
main compressor and the auxiliary compressor is a important factor. That is to say , the ratio 
of the volume flow rate of two part compressors must be considered. 
The volume flow rate of the main compressor (for the evaporator) is: 
and ilic volume flow rate of the auxiliary compressor (for the subcooler) is: 
The ratio of the volume flow rates of the main compressor and the auxiliary 
compressor is : 
V%/v~~ (G-A) •v1 /A/v1, 
=(H1,-H,) •v1 /v1,f (H3 -H5 ) 
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(11) 
MATHEMATICAL MODEL AND COMPUTER OPI'IM
IZATION 
With the changes of temperature conditions, the calculation
 by hand will be enormous 
and tedious. Fortunately, more and more equations of refr
igerant thermodynamic properties 
are well developed. So that a personal computer can be used in
 the calculation of optimi:ation 
of this cycle. 
The sanrration pressure of refrigerant vapour can be calcula
ted by following equation': 
~4.46558+0.166907t+24.3664(t/100)
2 
+16.1561(t/100) 3 +j,4276(t/100)' 
Where P is pressure (bar) and t is temperanrre ("C) .. 
The following equations" can be used for refrigerant enth
alpies: 
H1 =1eo. ee5 +4. 6225 c
+o. 2B716B ( t/10)' 
+13. 836 ( t/100) 3 +5. 36124 ( t/100) • 
H11;•1443. 36 +1.
 11051 t-0. 87654 ~t/10) 
2 
-32.736S(t/100) 3 +11.9649(t/100)' 
Where H, is enthalpy of liquid 'refrigerant, KJ/KG. 
and fl. is enthalpy of vapour refrigerant, KJ/KG . 
Specific heat (KJ/KG-K) of ammonia at consunt pressure




C;=2.543+0.004643 ( (C:-10) +0.05015 (t-10
) 2 ) (15) 
for 10 <:., t <:., 52 •c 
The final temperature due to isentropic compression ca
n be calculated by basic 
equation: 
Where T2 is the discharge temperature o
f the compressor. K. 
T1 is the suction temperature of the 
compressor, K. 
P 2 is the discharge pressure, Pa. 
P 1 is the suction pressure, Pa. 
n is the isentropic exponent. 
With these equations, according to the practice of ammonia co
mpression refrigeration 
plants in subtrapics area, three temperature conditions (A-Ice making in
 winter and B-Ice 
312. 
making in summer, C-Air conditioning in summer) are selected. Equations (5-7) and (10-11) 
are solved using a computer program, as TIS varies. The conttol flow statements are used in 
me program, which make repeat calculation to be carried out, the step value of variable (TIS) 
is set to 1 °C. The results are shown in Tables 1 and 2 and Figures 3-5. In order to make me 
tables clear, a step value of 2 °C is shown in Tables 1 and 2. 
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Compared with the common single stage ammonia compression refrigeration cycle in 
the same condition, the COPs of the new cycle incna.se by 3-6 % under the three conditions 
of Table I. The increments of the COPs vary with the TIS in a constant condition. The 
relationship between the increment of COP and TIS is non-linear. There is an optimum TIS 
where the increment of COP is maximum. 
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Table 2. TIS vs. Ratio of Volume Flow Rate
 under Different Conditions 
Condensing 





Temperature •c -15 -15 
-~------~------------------
----~---------------.. -~--------· .... -·--·----------+------------------....-. 
\Ratio 
TIS \ VjV., V,JV, VJV., 
VJV, VjVm VJV, 
·c \ 
--------... ·---------.. ----~----- .... -------------------....-.---------------__..-----~----~-
-----------
34 0.99
6 1147 0.997 549 
32 0.989 
362 0.992 173 
30 0.982 
205 0.988 98 
28 0.975 
138 0.984 66 
26 0.
969 101 0.981 49 
24 0.997 908 0.964 
78 0.978 37 
22 0.99 285 0.95
8 62 0.976 29.8 
20 0.985 161 0.954 
50.9 0.975 24.3 
18 0.979 108 
0.949 42.2 0.975 20.2 
16 0.974 79 0.
946 35.5 0.976 17 
14 0.97 60.6 0.94
2 30.1 0.977 14.4 
12 0.966 48 0.9
4 25.8 0.98 12.3 
10 0.963 39 0.93
8 22.2 0.984 10.6 
8 0.96 32.2 
0.936 19.2 0.989 9.2 
6 0.958 27 
0.936 16.7 0.996 8 
4 0.957 22.80 0.936
 14.6 
2 0.957 19.4 0.937
 12.8 
0 0.957 16.6 
0.94 11.3 
-2 0.959 14.3 0.
943 9.9 
-4 0.961 12.4 
0.947 8.7 
-6 0.965 10.8 0.
953 7.7 
-8 0.97 9.4 0.96 
6.8 
-10 0.976 8.2 0.96
9 6 
-12 0.984 7.2 0.9
8 5.3 
-14 0.994 6.3 0.993 
4.7 
The volume flow rates of the new cycle for a
ll three conditions are less than that of 
the common cycle, i.e, the compressors whic
h new cycle needs will be of less capacity fo
r 
the same condition. The extra investment of th
e.subcooler is not significant. So energy savin
g 
(saving of running cost) is obvious when the
 new cycle is applied: 
The ratio of the volume flow rate of the evapora
tor to the subcooler decreases with 
the drop of the TIS. the relation with TIS bei
ng in direct proportion. In other words, the le
ss 
is the TIS, the less is the ratio. 
On the basis of conservation-of energy, the h
eat rejection effect of the-condenser is 
the sum of the refrigerating capacity and the 
power the cycle consumes. The increase of th
e 
COP of the new cycle means that the power consumed
 is decreased in the same refrigerating 
capacity. Then the heat rejection effect·of the
 condenser in the new cycle is less than that 
in 
the common cycle. That is to say, the COP 
of the actual running can be improved furth
er 




According to Table 1, the higher the compression ratio of the cycle, the greater is the 
improvement of the COP when the new cycle is used. In other words, the new cycle has 
more benefit (energy saving) to the condition of higher compression ratio. 
Further analysis of Table I can show that the saturation pressure of the optimum TIS 
is nearly equal to the optimum inter-pressure of two stage compression. Therefore, the 
optimum TIS of the new cy~:le can be detc:nnined by means of the method of optimum inter-
pressure in two stage compression ( the saturation pressure of optimum TIS = (P1 " ? 1)
112
) 
because the COP of the new cycle in vicinity of the optimum TIS varies slightly. 
From Table 1 and 2, when new cycle runs at the optimum TIS, the capacity of the 
main compressor is about 20 times that of the auxiliary compressor. The new cycle is easily 
carried out if a refrigerating plant has many compresso~s. When the number of compressors 
is less in a plant. the new cycle can not be run in the optimum TIS. In this case , a suitable 
TIS can be selected because the COP of the new cycle will always increase for different TIS, 
When a new plant is designed, the new cycle is carried out very easily because a 
smaller compressor or the high stage pan of integral two stage compressor can be selected 
as the auxiliary compressor. To a new plant, the increase of first cost using new cycle will 
be very small (especial in larger plants), and can be ignored. In an auxiliary circuit , the 
automatic expansion valve can be used. So the management of new cycle is essentially the 
same as a common cycle. Therefore, it is quite evident that the benefit can be obtained when 
a new plant uses the oew cycle. 
For large industrial refrigeration plants and for the condition of higher compressure 
ratio, the cost of rebuilding the current system to the new cycle will be recovered from the 
improvement of COP in a very shan period. It is relatively easy to estimate the benefit in the 
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Fig. 4 Ratio of volume flow rate of new vs. common cycle 
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Fig. 5 Ratio of flow rate in new cycle 
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